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(57) Abstract: A novel norbomene derivative represented by the following general formula (lm). The norbornene derivative is 
subjected to ring-opening polymerization or subjected to ring-opening polymerization and subsequently to hydrogenation. Thus, a 
ring-opening polymerization polymer or a product of hydrogenation thereof can be obtained which can especially have significantly 
reduced birefringence, (lm) [In the formula, at least one of R 1 to R 4 is a group selected between an aromatic-ring-containing group 
represented by the following general formula ( 1-1) and an aromatic-ring-containing group represented by the general formula (1-2): 
[wherein one of R\ R R , and Z is a group represented by the formula -C(0)0-]. 
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<m=l, n = 0, R'~R 4 =-JK (1-2) T?S$n5l©i#© 

• 8- (9-7;^k>*;^^t^y) - 8-^fJkfh7y7n 
20 [4. 4. 0 . 1 2 - 5 . 1 7 ' l0 ] -3-Frt> 

8- ( 9 -7)V*U>%)V'# — )V**i<') rh7^n [4. 4. 0. 
I 2 ' 5 . l'' 10 ] - 3- Frt> 

• 8- ( 2 - y^-tuytDV-^-jlt^-y) - 8 - ^f;i/f hy^yu 

[4. 4. 0. I 2 5 . I 7 ' 10 ] - 3- Fft> 
25 • 8- ( 2 - 7Jl/^-l/>*;i/#-;l/^-^ T-b^->^D [4. 4. 0 
. I 2 ' 5 . 1 7 ' 10 ] - 3 - Fjt> 

• 8- ( 3 - y )1^-U>3j )l-#~)l*^-y) jh7y7P [4. 4. 0 
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. I 2 ' 5 . I 7 ' 1Q ] - 3 - Hfir> 

• 8- (±-y)V*V>$l)V#~)V* : *S/) fh7'>^n [4. 4. 0 
. l 2 ' 5 . l 7 ' 10 ] - 3-Frt> 

• 8 - CI - (9, 10-yhFD7>h7t» # ^n^^r 
5 fhyy^D [4. 4. 0. 1 2 ■ 5 . I 7 ' 10 ] - 3- Fxt> 

•8 - [2 - (9, io-yhFn7>h7i!» #;i^~;i/:t^>;i 
fh7->i'a [4. 4. 0. l 2 ' 5 . 1 7 ■ 1 0 ] -3-F7t> 

•8 - [9 - (9, 10-ykFD7>h7-fe» 
f hr>^a [4. 4. 0. I 2 - 5 . I 7 - 10 ] - 3- Fft> 
10 <m=n=l, R'~R 4 =-|2:£ (1-1) Tl^tl5S©i^(Di> 

• 12 - (1 -1-7$ U>*DVtf~)V** s s) ^>9=s>7U [9. 2. 
1. I 4 ' 7 . 0 2 ' 10 . 0 3 ' 8 ] -5-^>3 7 T : -fe> 

• 12- (2 -7"-7^ V>tl)V^-)\<-**i/) ^>?is20 [9. 2. 
1. I 4 ' 7 . O 2 ' 10 . 0 3 ' 8 ] -5-^>^x-fe> 

15 • l 2 - (4 - tf 7 xn;p*;i/jj?nji/^-^^) o [ 9 . 2. 

l. l 4 ' 7 . o 2 ' 10 . o 3 ' 8 ] - 5 -^>^xir> 

• 12- (2-k'7x-J^j|/#-jm-/) ^>^~>^n [9. 2. 

l. l 4 ' 7 . o 2 ' 10 . o 3 ' 8 ] - 5 -^>^x-tr y 

• 1 2 - (3 - If 7i-J^iH-iW^y) ^>^i/^n [9. 2. 
20 1. I 4 ' 7 . O 2 - 10 . 0 3 ' 8 ] - 5 -^>^er-fe> 

• 12- ( 9 - 7 > b r>ir ytl )Vt^)V^^~y) ^y$v%U [9. 2 
. 1. I 4 ' 7 . 0 2 - 10 . 0 3 ' 8 ] -5-^>^x-k> 
<m=n=l, R'~R 4 =-JKS; (1-2) Tg£n5S0:®£a>0!l> 

• 12 - ( 9 - y )V^-yyts )V^-)V^-y) ^y#y$u [9. 2. 

25 1. I 4 ' 7 . 0 2 ' 10 . O 3 - 8 ] -5-^>^^iz> 

• 1 2 - (2 - U — ;|/r^^ 2/) t>^y^n [9. 2. 
1. I 4 ' 7 . 0 2 ' 10 . O 3 ' 8 ] -5-^>#^iz> 
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• 12 - [9 - (9, 1 0-ytFn7>h7t» % frtf-JVX^Fis 
] ^>^>^D [9. 2. 1. I 4 ' 7 . 0 2 ' 10 . 0 3 - 8 ] -5-^>^ 
x-fe > 

^tl&(D-5^, — jR^C 1 t*^Tm= 1 , Aon=OTSO, 
5 R 1 ~R 4 (Dfatlft 3 ■OtffrmMT'V& X) , S5R 1 ~R 4 © — ^-flg5£ ( 
1-1) £fcfci:-$5$; (1-2) TjsSns3ST!»5;M^>Sl 

[2. 2. 1] A7°h-2-I>, 5- (4-H7x"Jl/*Jl/^rjVt 
10 H^^D [2. 2. 1] a,7>- 2 -X>£JH^5 21 #6 

mmnfcm, 7^*;i/S-&, #x^>a^ j-t>i^i 
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[iS*. XteiC : -CH=CH--rS^5a3=£&5£ : - C H 2 -CH 2 -nm £ ft« 
jR5S (lm) fcibt^i©i^D ] 




(2) 



c b 



t &j;tfu MiLK: o ~ 2 ©iit* d , y te5£ : -ch=ch-t 

t^n^lSfctt^ : -CH 2 -CH 2 -TS£n&*T& 0 , a, b, c&J; 
tfdte, ; Aoy^STF ; Bigg* SSL ^^fcb 

io J^T-i: l ~ 3 o © l ffic^Mfb7]c*S ; l ttoffittS^^L, 
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±IB-fl£5£ (1) ©R l ~R 4 «, ±137 ;v#;i/*>36»f3MfcK:fl&5 — 
H25£ (lm) OR'~R 4 tRi;^S5„ 

±13 — IS^; (2) fcfc^T, a~dJ;Oi$n§> 7R*fC^;AD^r 

£ViM%L< K#II©KiMl ~ 3 0 © l{ffi©i*Hb7K*S ; 
1 ffioMSfc^Tte, ±12 if 
5£ (lm) \z&^x, R'-RUOS^tis, 7K^JI : ? ; Aa^>Hf 

10 tftfeb<»ti®MiKfl:i~3 0© Hffi©pHb7K*-X ; 

&fc, ±iB— (2) C£^T, atb, btc, cidttt^* 

15 %>«fcV> 0 ) SWLTfe<fcli. d(0<ht^^^n^M*^*7c«it*» 
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jg¥ft(2)©ltK, S«Jtlr, if 100/0-5/95, ffSKtt 
100/0-30/70, £ 6 W£L< te, 100/0-50/50 

10 

* 56 93 o y )V ;v * y % m mm & # j6¥& d ) t * jfiSMfc (2) t © 
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ifmnoj )v$)v*>%mmmf>mt, rm-m^ dm) ts$n 
)v$)v%>%]¥-mfc mr> rmmw d) j t^o) m&\z 
5 i DTfH-jtSit (2m) Ti^n§;jH;^>^¥i# mr, ri£ 




(lm) 



C^^K m, n, R 1 , R 2 , R 3 &£r/R 4 \$. fr&)\>*>% 
10 i§Sft«&— $£5£ (lm) fc:HbTj£«©££&T*5. 3 




(2m) 



C5C>f, K u, a, b, c*3«fc^d«, ±12-125$ (2) llRHS 
^cDS^co^o^M^cD^fflfiJ-ar^, mmw (l) t¥M (2) <h 

15 (Dmmitr, mi% 100/0-5/95, !fSKftioo/o~3o 

/7 0, $^:ffSb<ft 100/0-5 0/5 0T&5, 
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j^t, (i) *3«trx (2) t^^Tjy*wtra-f &/^\ nn 

10 f^Tfe, (lm) C43ViTm=lT. n^OtifeD, ^OR 1 

~R 4 (DMtl^ 3 O^tKSM^T* D, SI3R 1 ~R 4 © 1 "3ifi±&S)V 

^;i/*>M«#«s-$S::3; (lm) icHTs-^S: (l-i) £fc 

(1-2) T^^tl§lT$5;j^^?>l¥I{W^ f#£> 

15 \Z, 5 - ,(2 -^yZUytDltf-Jl-**^) tfv^P [2. 2. 1] 
^\7°b-2-X>, 5- (4 - tf7xn;i/*;i/^n;i/^-^r~» t?->^u 

[2. 2. 1] h - 2 -X>£JBV*3 £ tifi, {M)3lJH£tf>#o^n a p 

*^^Tffiffl^tl5±IB¥»#: (2) 0*#0!tl/Ttt, 
20 • t'->^0 [2. 2. 1] Ayh-2-I>, 

• h>Jy^D [5. 2. 1. O 2 ' 6 ] -8-x~fe>, 
•tH^^P C4. 4. 0. I 2 ' 5 . I 7 -' 0 ] - 3-F^-fe>, 
•^>^>^P C6. 5. 1. I 3 ' 6 . O 2 ' 7 . 0 s ' 13 ] -A-iy**? 

25 -^>^>^P [9. 2. 1. I 4 - 7 . 0 210 . 0 3 ' 8 ] -5-^>^ 

•x-fc y 

• hUx^p [4. 4. o. i 2 - 5 ] - 3 -o yf^y, 
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• [2. 2. l]^\7°h-2-X>, 

• [2. 2. 1] ^\7°h-2-X>, 

• 5 h + ^*;i/3pn;nf->^D [2. 2. 1 3 ^7° h - 2 -x>, 

• 5 -*5r;k- 5 h + x*;i/#x;nf *s>?u [2. 2. 

5 - 2 -X>, 

• 5-y7/h'y^n [2. 2. 1] ^7° b - 2 - X >, 

■ 8-^h^y*J^^iPfb7y^D [4. 4. 0. I 2 ' 5 . I 710 

] - 3 - Kx-fe>, 

■ 8-lh + '>AW^fb7^0 [4. 4. 0. I 2 ' 5 . I 710 
10 ] - 3 - Fft>, 

•8-n-yo^'>*M^fh7'>i'0 [4. 4. 0. I 2 ' 5 . 

1 7. 10] _ 3 _ K^-fe>, 

• 8-i'V7'D3l^y*J^^Thr>?n [4. 4. 0. I 2 ' 5 . 
1 7 • 1 0 ] - 3 - h*Tt>, 

15 ■ S-n-^h^M^Tb^^^a [4. 4. 0. I 2 5 . I 7 
• 10 ] - 3 - F5 =r ir>, 

•8-7i;^^M-JV7br>^ [4. 4. 0. I 2 ' 5 . I 7 - 1 
°] - 3 - F7t>, 

• 8- (l-t7l^y) *M-Jl/rh7y7D [4. 4. 0. l 25 
20 . 1 7 - 10 ] - 3 - Fxt>, 

• 8- (2-t7h^y) *JV^rji/Th7y^n [4. 4. 0. l 2 ' 
5 . 1 7 - 10 ] - 3 - Frt>, 

■ 8- (4-7i^7i/4-/) #;i/^x;i/-r V?=y>7 U [4. 4. 
0 . 1 2 ' 5 . 1 7 - 10 ] 

25 • 8 8 b^'>A^^fb7>'^n [4. 4. 0. 1 

2, 5_ X 7. 10] _ 3 _ F^.fe>, 

■ 8 - ^^JV- 8-xf + y*J^-JVfb7y^u [4. 4. 0. 1 
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2 ' 5 . 1 7 - l0 ] - 3 - HrtX 

• 8-^f^-8-n-ya^y^j^7h7^^n [4. 4. 
0 . 1 2 > 5 . 1 7 - 10 ] -3-h*Tt>, 

■ 8-^^-8-^fV^O^>'jt/^-^7h7'>i?D [4. 4. 
5 0 . 1 2 ' 5 . 1 10 ] - 3 - F^i?>, 

• 8-^fJH8-n-7*h^yA;H"jy7h7y^n [4. 4. 0 
. l 2 ' 5 . l 7 - 10 ] - 3 - KfirX 

■ 8-^f^-8-7i;^y*J^-^fh7y^n [4. 4. 0. 
I 2 ' 5 . 1 7 ■ 1 0 ] - 3 - h*rt>, 

10 • 8-7^^-8- (l-t7h + y) ^^-;i/ 7 h7y^D [4. 
4. 0 . 1 2 ' 5 . 1 7 - 10 ] - 3 - Kft>, 

• 8-*^;!/-8- (2-t7h^-» ^^-Jl/rh7y^n [4. 
4. 0. I 2 ' 5 . I 7 ' l0 ] -3-Frt>, 

• 8 - 8 - <4-7i^7i7^y) iiJVtf h 7 
15 o [4. 4. 0. I 2 ' 5 . I 7 - 10 ] -3-K^iz>, 

• ^ > ^ v ^ D [9. 2. 1. I 4 - 7 . 0 2 ' 10 . 0 3 • 8 ] - 5 - ^ > ^ ^ 

■ A7°^y7D [13. 2. 1. I 3 - 13 . I 6 ' 9 . O 214 . O 4 ' 12 . 0 5 
■ ,0 ] - 7-^3t>, 

20 -^y^x^P [8. 8. 0. I 4 - 7 . I"- 18 . I 1316 . O 3 ' 8 . o 12 

• 17 ] - 5 -s\>j 

• 5 -lf'Jf>k*y7D [2. 2. 1] ^\7° h - 2 -x>, 

• 8-i?'JT>fh7y7D [4. 4. 0. I 2 ' 5 . 1 71D ] -3- 

25 • 5-7x^JVtfy?D [2. 2. 1 ] ^ 7° h - 2 - X > , 

• 8 - 7irj^ h 7 is 2 D [4. 4. 0. I 2 ' 5 . I 710 ] - 3-K 
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■ 5 -X^Ux>tf^^ D [2. 2. 1] -\7°b-2-X>, 

• 5 -x^;]/tf~>7 a [ 2 . 2. l ] ^\7°h- 2 -x>, 

• 5 -n-T^Hf v7 P [2. 2. 1] ^\7°h-2-X>, 

• 5 -n-^\ + ->;Hf D [2. 2. 1] ^b-2-X>, 

5 • 5 -5/^7 P^^r^Jl/Hv^ D [2. 2. 1] A7°H-2-X>, 

• 5 -n-^7^;i/tf^ P [2. 2. 13 ^\7°b-2-X>, 

• [2. 2. 1] ^\7>-2-X>, 

• 5 V 7°P t°;l/t:^^ a [ 2 . 2. 1 ] ^7° b - 2 -XX 

• 5 -7i^tf^ P [ 2 . 2. 1] ^\7°b- 2 -XX 

10 • 5- (l-^7^;i/) tf^7P [2. 2. 1] ^\7°h-2-X>, 

• 5- (2-^-75^10 tf^P [2. 2. 1] A7°h-2-X>, 

• 5- (2-t7fJl/) - 5 -/^HfS^D [2. 2. 1] ^\7°h- 
2 -XX 

• 5- (4-t:7xX;|/) kfX^P [2. 2. l]-\7°h-2-X>, 
15 ■ 5- (4-ti7xX;i/) -5-^^;Hf$/^P [2. 2. l]/\7°b 

- 2 -XX 

■ 5 - > 7 J Ml/ V P [2. 2. 1] ^\7>-2-XX 

• 5 -7 5 / ^;HfX# P [2. 2. 1] ^\7>-2-XX 

• 5 - h U ^ h ^ ~> U ;Hf £ a [ 2 . 2 . 1 ] 'S 7° h - 2 - x y , 
20 • 5-hiJIh^yy'JJl/t:y^D [2. 2. 1 ] ^7° b - 2 - XX 

• 5-hU7°D^^yyUJl/Hy^n [ 2 . 2 . 1 ] ^\ 7° h - 2 - x > 

• 5 - h U 7* h 3f Is is U )V\f. s s Z P [ 2 . 2 . 1 ] *\ 7° h - 2 - X > , 

• 5 -7 P P ^^;Vt:->7 P [2. 2. "l ] ^\7°h-2-XX 

25 • 5-tHn^y^f JHfyi/D [2. 2. 1 ] ^\7° h - 2 - X X 

• 5 - X# P'V-teXJl'fcf V7 P [2. 2. l]^\7°h-2-X>, 

• 5 - y)VtU tf P [2. 2. 1] A^h-2-I>, 
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• 5-7iVt0^f^t'->^D [2. 2. 1] ^\7°h-2-X>, 

• 5 - h U 7 ft Urn**? fyM is 9 D [ 2 . 2. 1 ] A7> - 2 - X 

• 5-^>^7JWOXf;Hf->^D [2. 2. l]-\7°b-2-X> 

• 5, 5 -i?yJUJrU Mi/V p [2. 2. 1] 

■ 5, 6 -^7;V^a Hi/ 7 p [2. 2. 1] ^\7°h-2-X>, 
■5, 5-tiX (h'J7Jl/tn^5 : JV) K'y^a [2. 2. 1] A7°b 

- 2 - X>, 

•5, 6-H7 (hU7WP^fW t*~>^P C2. 2. 1] ^\7°h 

- 2 -X>, 

• 5-^^-5-bU7;i/tn^^;H:^^n [2. 2. 

- 2 -X>> 

•5, 5, 6-h'J7Jl/toH-7^D [2. 2. l]A > 7*h-2-X> 

■5, 5, 6-hUX (7;i/^0^^;P) t£->7P [2. 2. 1] s\7° 
h ~ 2 - X > , 

•5, 5, 6, 6-:rh^7;^Dt£>^D[2. 2. 1 ] A 7° b - 2 

- X >, 

•5, 5, 6, 6-:rh^7 (hU7MP/^) tfi^P [2. 
2. 1] ^S7°h- 2 -X>, 

• 5, 5 -y7J^a - 6 , 6-tfT, ( h 'J 7^^D/ J^JV) E~>7P 
[2. 2. 1] ^\7°b-2-X>, 

■ 5, 6-5?7JW^n-5. 6-tfX (h U 7;VtP^^V) t£->7P 
[2. 2. l]^\7°h-2-X>, 

•5, 5, 6-hU7;i'tn-5-h , J7;i'tP^5 1 Jl'tI">^D [2. 
2. 1 ] A7>-2-X>, 
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jTU*^)V) ¥y?U [2. 2. 1] ^\7°h-2-X>, 
•5,6 -z?7)V*U- 5 -s\7°?7)ltn- i s o - 7° D tf JV ~ 6 - 
h U 7A-^U ,^^;Hf O [2. 2. 1] ^7° h - 2 - XX • 

■ 5-^DU-5, 6, 6 - HJ 7j^Dh'y^ P [ 2 . 2. 1 ] -\7° 
5 h - 2 -X>, 

• 5, 6-y^UD-5, 6 -If 7 ( 7^tD^^) tf^^D [ 

2 . 2 . 1 ] A7° h - 2 -X>, 

•5, 5, 6 - h U 7JWD - 6 ~ h 'J 7Jl/tn^ h^y tfy^n [2 
. 2 . 1 ] ^\7°h- 2 -XX 
10 -5, 5, 6 - h »J 7)V*U - 6 -^\77 yJl/tO^Dl^yfy^ D 
[2. 2. 1] A7°h-2-XX 

• 8 - 7Mnr h 5 v7 □ [4. 4. 0. I 2 - 5 . I 7 - 10 ] - 3 - h* 

• 8-7J^D^f^fh7y?n [4. 4. 0. I 2 ' 5 . I 7 - 10 ] - 
15 3-Fer-k>, 

■ 8-y7J^D^f^Th7y7D [4. 4. 0. I 2 ' 5 . I 7 - 10 ] 
- 3 - F-tHzX 

• 8 - h U 7)V3rU f h 5^ P [4. 4. 0. I 2 ' 5 . I 710 
] - 3 - F^izX 

20 • 8-^>^7JVtni^f h7y^n [4. 4. 0. I 2 ' 5 . I 7 - 1 
°] - 3 - H-x-fe>, 

• 8, 8-y7J^Pjh7y7D [4. 4. 0. I 2 ' 5 . I 710 ] - 

3 - F^-feX 

• 8, 9 - y7iWD7 h 7 P [4!'4. 0. I 2 ' 5 . I 710 ] - 
25 3 -F5?irX 

• 8, 8 - t'7 ( h U 7iM-n/fW T" h 7 y7 D [4. 4. 0. 1 

2. s_ x 7. 10] _ 3 _ Y^r^y, 
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• 8, 9-kTT, (h'J7JWD^^) fh7'>?n [4. 4. 0. 1 

2, 5 _ 1 T. I 0] — 3 — Fft 

• 8 - 8 - h 'J 7MP^^f h 7'>^ P C4. 4. 0. 1 

5 -8, 8, 9-h'j7Mnfh7^7P [4. 4. 0. I 2 ' 5 . I 71 
o] _ 3 _ 

• 8, 8, 9-h l JX'(h l J7Jl'tP/5 1 Jl') f h7'>?P [4. 4. 
0. I 2 ' 5 . 1 7 - 10 ] - 

• 8, 8, 9, 9-rh77^tPfh7^^P [4. 4. 0. I 2 ' 5 
10 . I 7 - 10 ] - 3 - FTt>, 

• 8, 8, 9, 9-T-h^^X (b'j7JVtD^^) "rhy-y^U [ 
4. 4. 0. I 2 ' 5 . I 7 - 10 ] -3-H7t>, 

•8, 8 -v^^rtn- 9 , 9-t'X ( h U 7J^P^f^) 7^7^ 
/;p [4. 4. o. I 2 ' 5 . I 710 ] -3-KrtX 
15 -8, 9-y7J^n-8, 9-t7 ( b 'J 7Jl/tP^f ;V) 7h7^> 
/7 P [4. 4. 0. I 2 ' 5 . I 710 ] - 3- F7-b>. 

•8, 8, 9 - h U yJV^-u - 9 - h U yJV^-U ^^)Vr V 7 *s 9 □ [ 

4 . 4 . 0 . 1 2 ' 5 . 1 7 - 1 °] - 3 - K-r-fe 

•8, 8, 9-b'J7Jl/tP-9-hU7JVto/h^y7f7^7P 
20 [4. 4. 0. I 2 ' 5 . I 710 ] -3-F7"k>, 

•8, 8, 9-F'J7Jl'tP-9-^>^7Jl/*P7 I P^ + y7F7y 
yu [4. 4. 0. I 2 - 5 . I 710 ] - 3-F7"k>, 

• 8 -y)V^U ~ 8 -^>yy )VtUJL^)V- 9 , 9-tfX (h'J7JP 
tD^fJl') rf7^n [4. 4. 0'.' l 2 - 5 . I 710 ] -3-F7 

25 ir>> 

• 8 , 9 - *?7)V#U- 8 -^7°^ y)V^U i so-7°P fcfJV- 9 - h 
ij7JWD/?JV7h7y^D [4. 4. 0. I 2 ' 5 . I 710 ] -3- 
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• 8-^ DP- 8, 9, 9 - b U 7MHf h7'>^ D [4. 4. 0. 
I'' 1 . I 1 ' 11 ] - 3- Fft>, 

•8, 9 - v ^ D n - 8 , 9-t'X (h'J7il/tn^f;W ff7->^ 
5 D [4. 4. 0. I 2 ' 5 . I 710 ] -3-Hft>, 

• 8 - (2, 2, 2-b'J7Jl'tnih^y*JH"Jl/) rFr/^n 
[4 . 4 . 0 . 1 2 ' 5 . 1 7 " 10 ] - 3 - Fxt>, 

• 8 - 8 - ( 2 , 2, 2-h'J7Wnxb*->*^-^) 
f^'^D C4. 4. 0. I 2 - 5 . I 710 ] -3-Fr-fe>. 

io ^n^©/;^^^^**^ fit 

(i) ta^btt, iwitifflitfej;<, 2@^±£0ffflb 

15 <tfei^*s- (ch,) k cooR !! T^^n§*;^>ixxfM 

£ (d^tf, R 2Z «jb*SII1CT$C 1 ~ 2 0 0Mft7jC*S, k«0~10O 

SicT^So ) t&3/ji^;]/^>^#*##W£L</^ 8- 

/^Jk-S-^b^y^Ji^x^fh^y^o [4. 4. 0. I 2 ' 5 . 

1 7..o ] - 3-p^>5^, ^©§g£#&#S§Bfc£T$?SbV>. 
20 fcfc, ±IB©R 22 T^$n§M*J^ : P^l~2 0(7;^{b7j<*S<hLT 

25 *S5t77^Ttt, (l) &J;r^Mfr (2) £^0#fi£nJtB 

filit, m^uy-y u:/-x->> y y u^yj-y . ypu^-z^y, y 
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^s^feTte, ±B(Dmmm&&, *'J7^yx>, tfiMv^i' 

5 ft o T «fc V> . 

Xl^STOI'^tlS. f^fr^, (a) W, Mo^meOft^ 
10 *j*>&g«nfcSl>fc< tt> lit, (b) T5>^0JflttIAi7C 
* (fcl^fcTL LNa, Kfc£) , I I A^tc* («^«Mg, C afc 
£) , II BMitm (M^HZn, Cd, Hg&H) , I I I B^tgH 

in £ nfc © f % o x £ ^ c 

20 Ttt, WCl t , MoCl s , ReOCl,ft^»Tl- 2 4 0 5 1 7 

(b) fi]<h lT(t n-C 4 H,Li, (C,H B ),AL ( 

C 2 H 5 ) 2 A 1 C 1 , (C,H,) AlCl,.p ( C 2 H 5 ) A 1 C 

1,, is^-^y^^y. LiH&M¥l" 2 4 0 5 1 7^i 
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W 1-240517 ■#&&fc^;*n<5ft;'&tt Steffi n 

o 

^■feyXilOffflitbtll ±flB (a) ric#£#^m*# (BP 
i£g# (1) <h¥*f* (2) ) tQ^JVlfrV r (a) 
5 1:500-1:50, 000 ^foStBH, Iff £ b < I* 

1:1, 000-1:10, 0 00£&5S&B<fc£ft5. (a)J&#£ 
(b) ^^tCifl^tt, ilJMfitt r (a) : (b) j ifi 1 : 1-1 
: 50, £?£b<«l : 2-1 : 3 0 ©IbH <h £ ft 5 . (a) ( 
c) /&#£CDfiJ-&», ^^JtT r ( C ) : (a) J ifi 0 . 0 0 5:1- 
10 15 : 1 , #f £ b < & 0 . 05 : 1-7 : l©ili$n5„ 

15 auMjch bT«> mxux.^u>, yn^>, i-^> 

1-A^lr>, 1-A7r>, l-t^r>, l-/*>, 1- 
ft<B>©5*>, 1-7t>, l-A^t>^l:USH/^ lift 5 ©^H* 

20 ^T»fira©M»t bT«> iii^g^cft^nsiSMft ( 

1) tJHlMbTO. 0 0 5 - 0. 6 ^;!/, $?£b<te0. 0 2-0. 
5 ^fcSftS. 
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ft E(D-y9 u 7 )Vt) >IS ; ^>-if h;l/X>, ^yl/>, x^;i/^> 
W.fc*3-U>, v ^ o d x ^ > . AW^f^>y7*o$F, ^ □ n-x 
5 > ; 7 U — ^©ft-g-tl ; l|lf)K «n-7*^;K Hi so 

^ <H0x-T-;i/^*^tf ^. - jme.tt^ffi-rfesvittjg 

10 . glOfffliiLTd r?« : (ilth) J ^\ S# 1 

: 1 ~ 1 0 : 1 ft £L < 1 : 1-5 : 1 

iPS^-#:t«, (1) < (1) t^ift (2) %M 

TkmmuLfrbor&t), mmw (i) t>b<f«»# (2) \zm^< 
20 mm<D^mm\tmwm \z ymmm $ nt ^ & v> & © 7? * 5 „ 

TKSti&inKJft^ (1) fet<tt#»# (2) ts^<i«o 

j%^m&mmw\z7kmmnznf£^&ftT*fttin&>&mtf&z> 0 ii^m 

, ff£l,<tt3~2 0 O&JEE0#*#;*'&<)~2 0 0*C, £?3;L<te2 
25 0 ~ 1 8 0 •CT?fPffl*-&5-d t tJ^Tfr fctlS. 

7K*^jpM^t us, mi$(D3-u7j >mk&m<D7kmm\ifcfo\z 
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Y/ Y U x^;l/7;i/S^7 A, :t£x>§tn A;V h/n -7*5f JVU ^7 

Ov^A, ^DUh'JX (F'J7i^MX7^» Dy^A', >>7n 
Ph'JX (Hij7z^*X7^» ^t^7A, ^DDkFD^H 
10 -;i/hUX ( h U 7xnJV*X 7 >) JPt^^A, i?^aD*^ 

(i) izm^<Mmo^mmmM\z7kmmni£ftfc^&o\z 
15 it : frmmmmm (s*jt> j ^\ i : ixio-^i : 2t&5sy£ 

20 SfSbV^o 

Tl^tl^HW^It (r? inh) ft, >13f0. 2-5. 0, jfSKttO 
. 3-4. 0, £ 5K:8F£b< fctO. 35-2. 0T|§„ ^7c^;i/A° 
-5l-^a>^n-7h^77^ - (G'PC, fb7tKD77>iI 

25 , ^'jxf fccfcs^soaiSTtaRT^^a (Mn) a 

, MS 1000-50 75, ffJL < ft 2000-30 75\ £6 tjf* b 
< ft 3 0 0 0 - 1 0 D , fi»W#^S (Mw) ft, 1^ 5 0 0 
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0 - 2 0 0 7a, ffSKftl^lOOJ, £ £> * b < 3 75" ~ 5 
0 7jT$>5„ 77inh#0. 2*iS, M n flt 1 0 0 0 5 ^tiMw^ 

5 0 0 0 **gfT&5 t, J*^ft03Sl«*Sirb<®T*rS. -7j> 7? inh 
5&*5. 0K±, Mnii5 0^K±*5^BMw# 2 0 0 ^K±TS5t 

i;-JK 2, 2-^f|/>k^ (4-IfJH6-t-»7x/ 
10 -J10 , 2, 5-^-t-WkHn + />, fb7^X[^fl/> 

-3 - (3, 5-^-t-^-4-hF^->7i^) -JxDdjrV 

-M*^>. 4, 4-^^hiX- (6-t-7'^-3-^?;i/7x 
;iO , 1, 4-tfT. (4-tFo^->7irjl/) i/^D^U-X 

^^^T^vjl/- 3 - (3, 5-5?-t-W-4-kHD + ->7x- 
15 7°Pk°tl/-h^<!:©7i;-J^, t b* P * / >38BMfcHnh5!K 

£fc&0il;U£hUX (4-^b=^>-3, 5-^7x";l/) 7tX77 

K bux 7^-7770, bux (2, 4-v 

§ £ ^neomftl^ih^J© 1 SS&te: 2ffi&L±£«sin-r£ £ 

7i;>, 2-kFn^y-4-^h^^>^/7i;>, 2, 2 - * 
^V>\L7, [4- (1, 1, 3, 3-tF7^J^^) - 6-[ ( 

2H-^> i /h'J7 , /-JV-2--f;i/) 7i/-jH] fc^fc^iu-rs 
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5 1/>X\ #*^J3l/>X^) BSHl/>X\ ft^7>f ;l/A b ( 

x-f x^i/-r my -ova, m^y-ovi*. m%y^)VK, mytuum 

^y^^JUS, PDPiffilf) , S0^««14 

10 i c, lsi, LEDm±Mti.E(Dmnmmtbxwmiz^m-r^ 
c n e> (ommm t n s fWE-a-tt * t> © t? & & ^ . 

S7-(*)SBIil^nYh^77^" (HPLC) &<£fflU * 

20 fV-(i)gHL C - 8 0 2 0^JW^iX->'3 >^D"7h^77 
^- (GPC) £JBV^ f h7tHD77> (THF) # 
U Xxl/>$llp:©*MW#^» (Mw) , (Mw/M n) 

[tf^Xfe^S :Tg] 
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D I SK - 3) KL£QffiffiU2 7 OX:, 1 0 

"CO^frTjtm^^^fTV^ ftg 130mm, fag 15mm0^T^X^/ 

5 g (B^m^^^(t*)SS) T^«ft633nm©^V;l//\°;!/X& (Sit 
AM) tJ:D, ttl 3 OmmC^r-f X^lt^'L^^fg30~60 

A3 fc tit IS if ® fJrtt £ ?k T £ d <h #"T! £ S . 

io mmmi] 

5- (4 - t*7 *-)V%)Vtf-)V*3rzs) t*5>^D [2. 2. 1] 'S 
7° h - 2 -X>©'£$ 




15 <endo#/exo'ffc© ; E;l'J£j&*8/l) £28g (253.9 m mol) St 
9, ^l*10g*B$l£fT a 7c„ EtttCl!U5?>41 mL(507.8 m mol)& 

(f f7t FD77» 200 mLfc?t^£ltfc4 - 7x^M> , KJl' 
//DiJF 50g (230.8 m mol) M/UtlMCS^ S4i2 ^ 

e>ri^^ B a B ^n - A^f>TSgl&IDSt, eMltC5- (4 
25 -k'7i^AM^i^^'» tfv-^P [2. 2. 1] A7°h-2- 
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tt^n^^af*© 1 h-nmrx^ b)v&£Ufcftmm%L (ir) x 

5 il©'H-NMRX^^hJH:*^T, hf^^n [2. 2. 1] <\? 
h - 2 -X>#f3i<Z> 5 &mm\zm£iLtcenao{*y°£i b >£U.9 ppmil 
, exo#7'Dh>^5.5 ppmKlMy^n, ^ ©3ftfl!Jt^ 6*flS^WO 4 
- tf 7 xX;i/^;V^x;i/^-^'>S©JL#:^ttJt (endofr/exoftO^JUt 
) *J8/lt$5i:l^tfe. 6.1 ppm, 6.4 ppmMtl-^nt: 

10 v7n [2. 2. 1] s\y° b - 2 -x>mMo 2 ft, 3{i©^^fc|g^ 

lfc7°a h 7.3-8.0 ppmKl tf 7 x~;VSt £ n& 7*n h > 

M2 O^f^B^U (IR) 7^7 hjl/fC&l^T, 3055 cm-'#iaH 
^>-tf>5SOCH#*tiSftKiR* J , 1710c m-'#jfitx^fJVAJ^ 

[|Si«J2 3 

5- (2 -3-79 l/>#;i^-;i/:t^>0 biv^P [2. 2. 1] 'X 
7°b - 2 




20 4 - 7i^K>^J^niJF}^^T, 2-t7h^fJ^DiJF 
44g (230.8 m mol) JBH, ; Al, O, » MM 

ftt©5- ( 2 i/># ji^x;!/^^) tf->#n [2. 2. 1 

3 -\7°h-2-X> 46g&#7c. H^fcTO^HPLCCt^lf 
25 L&fcg^ lEgti 99%T&o fc„ 
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8/1 t$itf)t>tltCo ttc, S^HM (IR) X-^ Wl/fcte, 3050 
c m- 1 ttifilc^Sg© CH#»iS»!RJR*«, 1710-1730 c nr 1 #ifi t 

x x t- ; p % )V # n ; I- a k s < c o # n m » © nx # n « £ n fc . 

%t>ntcWWL$£(D x H-NMRX^^ hJV^^Um^BW (IR) X 
^2 MP&H 3 #<fctfH4 fcjtfT. 
[5SJS013] 

5- ( 1 9 U>tS)Vt^)V^^riy) Hv^n [2. 2. 1] 's 

7° h - 2 -X>©-8-^ 



2-t7h-f;^0'JNllUT, l-t7h-fJ^n'JF 44g ( 
230.8 m mol) ffl^fcUW*, 2 <h |W|$I b T > l«I#«fl)5 

- (1 -^7^V'>*^#-^^+'» tl^^P C2. 2. 1] 
-2-X> 43.8g^t#feo #e»nfc^S**HPLClCT^«fbfc^ 

CD*l*f^6, J^M#«g^S©17^:gttIt (endofr/exo^W^Ht) U 

(IR) 7^?h)V\Z\t, 3050 
c m" 1 tfifi fc^#!&<& C H#»jg»»JR3&«, 1710- 1730 c m" 1 

f ^nfeMft^'H-NMRX^^h^^^^i^t (IR) X 
^ 5 6 IC^T, 

[*»J4] 
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5- (9-7>h7t>*J^^JVt*^) tfv-^n [2. 2. 1] 
a 7° b - 2 -x>©-&$ 



P'JF 55.5 g (230.8 m mol) ffl V*, (^S«tJ;Al,0 

jdT^jieai>fc^tt*J8s«i (i) tra«^UT. itfi@M©5 

- ( 9 - 7 y h ^-fc^^Xjl/^v-) t~y^P [2. 2. 1] ^\7° 
h-2-X> 25.9gS#fc. HenfcfI#*HPLCI:T^1ffl/fc 



<D$?#f fr> b . ^g#C!)11ISlK<0:j£&^tti£ (endo#7exof$£> ; E;i'it) 
8/1 t^^nfc. £fc> mtt-MqktiL ( I R) X^? h)V\ZU, 3050 
c m" 1 #ififc^#»©CH#i|gig|frKiR^, 1710-1730 c m-'#jfi^ 

>;i/§0 7 *«fctf IS 8 fcasf . 
5] 

5- (9 -7^ V-^^x;^^) t!5/^D [2. 2. 1] A 
7° h - 2 -XX^-afife 
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O 

o-c 




H 52.8g (230.8 m raol) Jfl V> fcK^^HJIM 4 £ |WI1§ t b T , Hfe 
@««5- ( 9 -7 JVjrUytUVtf-JV^T*^) \d=st>U [2. 2. 
5 1] s\7°h~ 2 -X> 14.0g£#fc. lienfcfift^HPLCtT 

8/1 t$t®ZntCo (IR) X^MW'te, 3050 

10 c m" 1 #jfi{C^r#5SOCH#|gjg»!RiR*^ 1710-1730 c m" 1 faifi 

#6nfc H-NMRT;^^ h;P*5ctlX#^I^P^iK (IR) X 

^ b;i/£0 9 *5 0 1 0 {ZTxto 

15 i£fl#tbT5- (4-l:7x-J^M^t^y) tf P 
[2. 2. 1 ] -\7°h - 2 -X> 1 4 g, #^MMJ£LT 1 
3r.-fe> 0. 2g b;i^X> 2 8 g&^MWW:VfcKjfc^%s\Z. 

1±&&, 8 orzizmmLtc. ^Wa'JxWJl/S^ 1 ?^ (0. 6^ 

;v/d ©hji/x>« o. 1 7mK ;-)v^mc\ 6 h)vx>mm 

20 ( 0. 0 2 5 ^;P/L) 0. 3 8ral^J!lP^, 8 0 3 B#M£jfo£1i:5 
CttiDi^ftSffc. S»TO#T» (Mw) ^9. 3 X 1 0 4 , ^ 
^MfrflT (Mw/Mn) =2. 3 2®l^#5nfc. 
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2 8 gMZ-fe, 7K*^j]PMKTfe§RuHCl(C0) [P (C 6 H 5 )], 
Of±a^I}:MbT5 0 OppmMb, 7k*#Xl±£ 9-1 OMPa, 1 6 
0-16 5-0, 3 R#ra©£jfS£fTofc 0 MiSflT^M©^ V 7° D AV 

£ 1 1 J; D7K*^int;*#rc mmms-^m (M 

5 i) =10. 3 X 1 0 4 , tf^f S#fli (Mw/Mn) = 2 . 13, glW^Jt ( 
77 inh) = 0 . 5 8, i/7XSifiH (Tg)=9 7. 5 *C]„ 400MHz©' H 

©^#^«^sw^7K*^5p$nT^^^c»7co ^©7K*gsin#i 

10 £ffi^T, ±bB© [>*--7*-~>a >©«£] CIB«bfc^^Tx-f X 
^£/»b, i/^-x-^a > b 7c £ ^15ft± 2 nmT&o 7c„ 

# Stlfcfi^f*© 1 H-NMRX^i7 b)V&m 1 1 
( I R) h)l*m 1 2 t^-r 0 

[^J609 7J 

15 .mmrnQ tmmzwfemmfttvx5 - u -i-7?u>%)v$=-)i 
^r^-iy) tfe^n [2. 2. i]A^h-2-x> i4g, s^an 

gn^iJiLT 1 -^^-ir> 0. 2g *5<t^h;i/X> 2 8g^lll 
mbfcS^^^^ttiA^, 8 0 °C KlMbfc. ulaia'JlfJk/^S 
X^A (0. 6 ^EJIVL) © h;i/X>j« 0. 17 ml, 

20 WC1 6 h;i/X>}t^ ( 0 . 0 2 5 ^/L) 0. 3 8ml£}JP;i, 80tt 
3ll#W£Jfo3l£3££K:cfcDS£-#&#£o li¥Wi*U7. 0 
xl 0 4 , Mw/Mn- 4. 0 OCDl^i^tlfc. 7kfS»K/S fc^J&fll 
6 tNJSSfcl^J&U ^jS-r^7]cm^JPtf&#fc[a«¥^^ : ?M (Mw) 
= 16. 1 X 1 0 4 , ^fM$ (Mw/Mn) = 3 . 20, H^ffilt ( 77 in 

25 h) =0. 7 4, (Tg) =7 4. Ot], 400MHz© 1 H-NMR 

$HJtfc«fc 0 £©7K»M©7K^»£;&$7t £ Z. 5, ±11*©^^ 
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tf&nfcS'&ft© 1 H-NMRX^^7hJ^|13t, £7c, 
5 ( I R) RiRX^# MUfeHl 4 fcjST. 
[*JS0!I8] 

6 <hlM£!ft»*#:£LT5 - ( 2 - ^ 7 * !✓ ;i^x;i, 
tfv^n [2. 2. 1] ^\7°h-2-X> 14g, fl-^SIS 
ISSjdffli: IT 1 -^ + -fe> 0. 2g *J;tXh;PX> 2 8gSSiI 

-^A (0. 6tM) ©Hl/X>»$R 0. 17ml, 
WC1 6 b)VX.>Mm ( 0 . 0 2 5 ; &;i//L) 0. 3 8ml&iDA, 8 0°CTf 
3B#W£jft3-&5 ££fc«fcDS-&#£#fc. (Mw) =1 

3. 0 X 1 0 4 , ^^i^f (Mw/Mn) = 3 . 2 5 Ofi-&#J&*ft 6>ftfc. 
15 zK**JnR^%>mfi#S 6 fc^ftK^JSU MT5^JD«S^fc[ 
IM^^fl (Mw) =11. 9 X 1 0 4 , ^fi^l (Mw/Mn) - 2 . 
6 4 , @W$JJ£ ( 77 inn) = 0 . 6 6, # ^XfsMJt (Tg) =82. 
4 t C] 0 400MHz© 1 H-NMRfcJJgfc: «fc D £ ©7k«M ©7K«»* £j}< * 

fc, £©7K*isM£ffl^T> ±f3© [l/^-T'-^3>©«] Id IB 
3 nmT & o . 

#6nfcS-&#© 1 H-NMRX^ h)V%m 1 5 fc, *fl-J|& 
25 (IR) M^^^ hJPS0 1 6tSt. 

C^JS^J 9 ] 

t£il#tbT5 - (4-lf 7i-^AM^Jl't*'» tf^7D 
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[2. 2 . 1] ^\-7°h-2-X> 

C0 2 Me 



30g, 




T^^nS8 h^^*;W#-;i/-8 -/^^^b^^^P [4. 4 
. 0. I 2 - 5 . I 7 ' 10 ] - 3-Krt> 20g, ^SiHMibT 
5 l-^-fc> 1. 2g *«fctfMPx> 100g^iillL£K 

jfc&Sfcffc&a., 8 o °cizmmvfro ^nnh'jx?jV7JH-^A ( 
o. e^ji/A) ofJH>»s o. 5 mi, ^^7-;p^'I4wci 6 mvx 

(0. 0 2 5^^/L) 1. 5 2ml^Sn^., 8 0 °C T 3 R# TrI Jjt Jf> 

io ^js-r§zK«^jp#)^#?t mm^frf-m (mw) -17. 4 

X 1 0 4 , (Mw/Mn) = 3 . 2 1, HWI^Jt ( tj inh) = 0 . 

7 7, >!f7^^1S (Tg) =12 6*0]. 400MHz©' H-NMRfflfl^fc «t D 

$?n*S'&te99. om±7K*»$nT& o , sfc, mm(o^mm\tmn 

15 ifttTkill^JnSftT^&^fc. £7c, ;L©zR«}JPtJ£Jl^T, ±JG 

!#^tlfeS'&#© 1 H-NMRX^ h)V&m 1 7 t, 
( I R) PJ:iRX^^ hJ^Hi 8 
20 1 0] 

bT 5 - (9-7>h7"fe>*;^-JPt*v') tr->^ 
D [2. 2. 1] ^7° h - 2 -X> 6. Og, 8-*h*z'%)l'tf~ 
)V- 8 - JPr h ? D [4. 4. 0. I 2 - 5 . I 7 - 10 ] -3-F 
X-fe> 4. 4g, ^^fiSSfSSItbT 1 -^^-fe> 0. 2 4g £ 
25 «fctfWl,x> 2 1 g £gmg&Lfc£jfc&ggfctfc&3., 8 0°CKlM 
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vfro cnthuxw^^^A (o. 6^)v/d (Dhjvx>mm 

o. ill, *$/-)vm±yci & hivx-ymm ( 0. 0 2 5 ^;i//D 
o. 3 lmi^in^, 8 ot"r3Hr^^f 

5 fcW7^fi»a« (Tg) =1 16t:3o 400MHzCD , H-NMRffl^(Cj;f9 -CO 

10 v a >£$JJ^b;fc££^:ft;7C5ninT&ofc D 

#6tlfcS^#C0#^^ ( I R) 9 twt. 

[nas^ 1 1 1 

[2. 2. l]^\7°h-2-X> 4. 3g, 8 - ^ b 7>^XJ1/ 
15 -8-^ikfbr>^ [4. 4. 0. I 2 ' 5 - I 7 ' 10 ] 

■fe> 3. 3 g , ft^mmffiMtVT 1 ~^*±> 0. 18g 

fe 0 ^nch'Ji^Ti^-^A (o. etM) ©h;vx>tt?t 

0. 0 7mK *^/-;HEttWCl, h)V (0 . 0 2 5^/L) 

20 0. 2 3ml£iJH*, 8 O'CT 3RFlIBEJK$ii:S21t^J;0fi^#*#fc 

[tf^XfeM^ (Tg) =1 0 3*C], 400MHzCO 1 H-NMR?iySti; D -CD7]C 

25 ^Jn£nTi>fcfrofc. e:©7K«M£ffl^T, ±ibcd ri/ 
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n<bnrcm&fa<DB*>vm (ir) p«x^ h;^g2 o 
[jtis^j i] 

[4. 4. 0. I 2 ' 5 . I 7 ' 10 ] -3-Frt> £ 5 0gfc#^S8IS 
5 mMt IT 1 -^ + -b> 3. 6g i3j;tfh;i/X> lOOg^SI 
fi^L/cSlS^ggttt^*-, 8 0tdDllfe„ ^nilh'Jl^TJV 
S^OA (0. 6tJP/L) (Dh;H>8$ 0. 0 9ml, 
ttWCl, MH>*?fc (0. 0 2 5 t^/L) 0. 2 9ml£Un;L, 8 0 "C 
Tf 3 KflKIS«$1i:SJltK:«fc»}S^#S#fe. zkHt»M fe mmM 6 
10 <h|iW;:»U »JS-rs***m«S#fc[^f7Xte^iafiE (Tg) = 
1 6 4°C, Sa^pi^^^M (Mw) = 5 6 0 0 0, SH 1 *^ (Mw/Mn) 
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